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ABSTRACT

1A forty of the 01Q4-4-2,__2024.-I52, 7075--'P352 and

09-" hand forgings scheduled for test waerte-Tia contraet-

have now been receivedv ehemical analyses have been made end-

indlcete that the samples meet the composition requirements.

Aot of the tensile, compressive, shear and bearing properties

have been determined. kIT all but one of the forgings. Ratios

among these properties 'have been calculated. Mbdulus, stress-

strain and the rera.6ning notch-bend fracture toughness tests

will be made soon. 'IThe results oi' axial-stress fatigue tests

•tft*r4 of smooth specimens are reported.'

The results of the stress-corroaion tests of specimens

from the 2, 3 and 5-in. thick handjforgings showed their per-

formance, in general, to be.typical or better then typical for

these alloys and tempeps. Accelerated exfoliation tests of

specimens from th9-2x8-in. hand forgings displayed very good

resistance to exfoliation regardless of alloy.

1Ae results of some tests to determine the effects of

notch geometry on the rate of fatigue-crack propagation are

presented. Additional tests are being initiated to determine

if the uniformity of crack initiation can be improved by using

a different notch ane crack initiation procedure. Tests are in

progress to determine whether it is feasible to change the load

during a test to obtain crack-propagation rates at more than

one stress level. (
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Fourth Technical Management Report

MECHANICAL PROPERTIES, INCLUDING FRACTURE TOUGHNESS AND FATIGUE,
CORROSION CHARACTERISTICS AND FATIGU,-CRACK-PROPAGATION RATES OF

STRESS-RELIEVED ALUMINUM ALLOY HAND FORGINGS

I. Introduction.

The design mechanical properties, fracture toughness,

corrosion characteristics and fatigue-crack propagation rates

are four of the most important factors invoived in the selection

and efficient design of aircraft structures. Such data are

needed for aluminum alloy hand forgings for several reasons:

(1) much of the published design date has become obsolete by a

change in the basis of specifying minimum properties, from one

in which the length, width and thickness were considered, to

one where only the thickness is involved; (2) the development

of a technique of stress relieval bý cold work in compression

has resulted in relatively new tempers (TX52) for many of the

alloys; and (3) there have been some significant problems with

forged parts in recent years that were related to fracture and

stress-corrosion characteristics.

Accordingly, the properties of hand forgings of

several aluminum alloys currently being used in aircraft

structures are being determined under this contritct. The tests

are intended to provide statistically reliable d.ata for deriv-

ing design mechanical properties for MIL-1HDBK-5A, including

stress-strain and compressive tangent-modulus curves. In
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addition, data concerning the fracture toughness, axial-stress

fatigue, stress-corrosion, exfoliation and fatigue-crack

propagation rates are being obtained.

This Fourth Technical Management Report summarizes the

results of tests carried out during the fourth quarter of the

contract. and the general status of the program at this time.

II. Material.

All of' the hand forgings scheduled for investigation

have now been obtained.

The chemical compositions of' the forgings are shown

in Table I. The compositions are within the applicable limits

specified in Federal 6pecification QQ-A-367g end The Aluminum

Association, "Aluminum Standards and Deta", April 1968. rlhe

hand forgings were solution heat treated, cold worked and

artificially aged in accordance with Military Specification

MIL-H-6088D and the recommendations given in The Aluminum

.Association, "Aluminum Standards and Dsta, April 1968. The

7075-T7352 hand forgings were stress-relieved and aged to meet

the requirements of paragraph 4.10 of Federal Specification

QQ-A-367g.

III. Procedure.

All of the specimens and test procedures were described

in the First Technical Management Report, dated MRy 15, 1968.

I - - *'~~S



IV, Progress Durimn Quarter.

A. LAchanical Properties

A.l. Tnsaile, ComDressive, Shear and Bearing

TInsile, compressive, shear and bearing tests have

been made of 39 forgings, the results of which are summarized in

Tables II through V. The ratios showing the 1velationships among

these mechanical properties are summarized in Ibble VI. The

tensile properties of the band forgingz mcet the applicable

minimum-property requirements sohown in Trble VII.

Check tests were made in several instances where the

values or ratios seemed to be inconsistent with the other data.

In such cases where the check test values indicated that a

possible error had been made in the testing or in the identifi-

cation of the original test specimens, the original values have

been discarded; where the original values and check test values

were in good agreement, the original values have been retained.

Tensile and compressive stress-straln tests, including

.modulus determinations, will be started soon. The Tuckerman

optical instrument to be used in making the strain measurements

has been calibrated and meets the ASTM requirements of a Class A

extensometer.

A.2. Fracture Toughness

To date, notch-bend fracture toughness tests have

been made of only two of the twenty hand forgings scheduled for

test. The results of the completed tests were reported in tue

Third Technicel Management Report, dated November 15, 1968.

S ......... ........ ..... ... .......
K



Specimens from all but one hand forging have been

fatigue cracked and will be tested soon.

A.3. Axial-Stress Fatigue

Ax/IAl-stress fatigue (R=0.0) tesLs of' specimens from

all except the 6xl2-in. 7075-52 hend forging have been

completed. The results of the eXl-sLrcss t'ftiue tests ere

shown in Thble VIII Pnd plotteJ in Figs. 1 through 4.

B. Corrosion Cnierocteristics

B.1. Resistance t:o Stress-Corrosion C rckTn

All of the s~rpss-corroý,.ion t specimens i'rom the

2x;8-in., 3x12-in. Pnd •,,- in. apno lor'gings wore cxpose-d to

tha 3.55•9 1Cl alternate i:Lmerslon,- es during this quarter.

The remaining 4xln-in. hand forging designated for

stress-corrosion testing was received, and specimens were

prepared. Specimens are currently being stressed, end tests

should begin in late February or early Merch.

Specimens have been prepared from the Kx24-in. •-N,

T52 and 7070. 9- T52 ,iend forgngs; specimens ere bciE. prep; red

from the 7075-T7352 hand forging recently reccived. TesLs will

be initiated as soon as specimens from the latter forging are

obtained.

Table IX lists the stress-corrosion data, to date, for

longitudinal and long-transverse specimens, and Table X shows data

for the short-transverse specimens.



Thus far, no longitudinal specimen he: fniled, which

tends to confirm the expected high resistance of nll items

stressed in this direction.

Long-transverse !'.ilures have occurred with ?01•-'[

ond 70C79-•,ý5.2 specLinens stressed PL -(L! of" WLe yield strOTglih.

1Iicroscopic examination of a reprezenlativo f'.llurc in alloy

2014-TV52 confirmed that Iailure was ceused by stress-corrosion

cracking (PI66. 5 and 6). A similar exeiination will be nmde

of some 7079-1'55 specimens. ihese failures indicate that some

stress-corroaion susceptibility may be expected wlien £01J!-I•52

and 7079-Tb52 forgings are hiGUlby stresecd in thc long-Lransvers(e

direction, while CY02-TC,52 and 7075-TY352 forginE' 3hould be

highly resistant. These date are in good agreement with existing

stress-corrosion guidelines for these products.

Fbilure occurred with chort-trensverse specimens from

each of the four alloys tested. Iowevcr, with each Plloy,

failure occurred in only one of three forgirgs tcctod, Pnd the

various alloys did not fail consistentlyý for any one f'orging

size.

Failure occurred at a stress of 22.5 ksi with speci-

mens from the 3-in. thick 2014-T652 and 5-in. thick 7079-1(•52

forgings. Microscopic examination of a representative POl1-T(,52

failure confta-rmed that failure was due to stress-corrosion

cracking (Fig. 7). A similar examination will be made with the

7079-Th52 specimens. The performance of these materials was
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better thnn that typically observed with forgings of these

nlloys, but wPs within the bounds of existing stress-corrosion

date for these uwterials.

The performance of' the '024-T652 forgines w'~s lbout

as anticippted with only one isolated streso-corrosion failure

(Figs. 8 and 9) occurring aL 750 of Lhe yield strength with P

specimin from thnei 2-in. thick forging.

'Ihe failure of specimens from the 3-in. thick 7075-

T7352 forging was totally unexpected, since this alloy and

temper have be.en shown to provide excellent re~isLrrice to

stress-corrosion crecking. kli test failures were therefore

examined mncroscopict.lly end found to be typical Intergrenular

stress-corrosion failures (Fis. 10 Pnd 11). The electricpl

conductivity of' the 3-in. forging, 38.4 to 3}.7% IACS, was only

slightly above the specified mninirum of 38% IACS MIL-A-2Ž771B

(ASG)3, and might indicate a m.rginrx aging treament for this

item. Specimens are currently being obt.ined for reotsts to

confirm the apparently anomalous behavior of this forging.

B.Z. &foliation Resistance

Accelerated exfoliation tests of specimens from the

2x8-in. forgings were completed during this quarter.

Specimens from the 2-in. thick forgings displayed very

good resistance to exfoliation regardless of alloy, and as shown

in Figs. 12 and 13 no significant differences were observed

between specimens from different regions (T/10, T/2) relative to

the forging thickness.

!. l •-• 1 : I I : : "
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C. Fatigue Crack Propagation
t io

Preliminary Investiga8t ion

The fatigue tests studying the eff'ect of the notch

types shown in Figs. 14 and 15 have been completed. Two speci-

mens of each type were tested at maxlnum gross stresses of' 8.2

and 12.3 ksi. As would be expected, crack initistion ws3 more

uniform at the higher stress; there was a slight advantage vor

the sharper notch. At a stress of 8.2 ksi, cracks did not

initiate at one side of a mildly notched specimen until two

cracks reached lengths of 1/2 in. The crecking was not as

eccentric in either of the two specimens having the sharper

notch shown in Fig. 15. However, one of these specimens did

not crack at all four corners until another crack measured 1/4

in. long.

Although crack initietion is somewhat more uniform for

the sharper notch, it is still riot as even as desired, perticu-

larly for the portions of this program which call for the moist

atmospheres or changes in the load 8s the crack progresses. To

determine if another notch would do better, 1/2-in, long dcox

notches were made in several 7178-T7651 specimens froin another

program. Crack initiation at 8.2 ksi was improved but was

still not uniform enough in all specimens. To improve the

uniformity of initiation, the procedure will be changed as

follows:

1. A central 0.20-in. long elox notch (Fig. 16) will

be made in the test section of the remaining specimens; only the

2014-T652 specimens have been niotched.



2. Because crack initiation is more uniform at higher

stresses, the cracks will be initiated at net stresses of about

20 ksi. When cracks are visible at all four corners of the

notch, the load will be reduced to produce the desired gross

stress and the cracks will be propagated to a total "original

notch" length of 0.50 in. before test readings are taken. Thus,

before crack propagation measurements are made, each crack will

be propagated about 0.15 in.; this should put the cracks well

beyond any plastic zone produced by the higher initial loading.

flhe above outlined test procedure is similar to that

used for obtaining cracks in fracture toughness specimens.

Consideration will be given to having a few replace-

ment 2014-T652 specimens notched and cracked as described above.

Computer plots of the crack propagation data and rates

of crack propagation are shown in Figs. 17 qnd 18 for the

specimens stressed to 8.2 ksi. The long life of specimen MT4 is

attributable to the nonuniformity of crack initiation. Con-

sequently, its rate of crack propagation was slower in the

earlier stages. Beyond the earlier stages, the type of notch

does not appear to have affected the rate of propagation.

Tests are now in progress to determine whether it is

feasible to change the load during the test to obtain crack

propagation rates at more than one stress level.
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VSummary'.

All of the 40 hand forgings scheduled for test have

been received. The chemical compositions of the hand forgings

meet the applicable specified limits shown in Table I.

The tensile, compressive, shear and bearing properties

determined for 39 of the forgings are sh6wn in Tables II through

V. The tensile properties of the hand forgings meeL the

applicable minimum-property requirements shown in Table VII.

Ratios among the properties are shown in Teble VI.

The results of the axial-stress fatigue tests complet-

ed to date are summarized in Trble VIII and plotted in Figs. 1

through 4.

The current status of stress-corrosion tests is shown

in Tables IX and X. The performance of the 014-Th52 end 7079-

T552 forgings was better than that typical of these materipls,

but not unexpected. The performance of the 2024-T85'2 forging

was typical of that expected of this alloy end temper. The 2-

in. and 5-in. thick 7075-T7352 forgings elso performed typically,

i.e., were highly resistant, but unexpected failures were

encountered with the 3-in. thick 7075-17352 forging; retests

will be made to investigate this anomalous behavior.

Fatigue tests of the 6x24-in. 2014-71b52 hand forging

at two stress levels indicate that the rates of crack propaga-

tion were not affected appreciably by the shape of the notch.

However, Wo improve the uniformity of crack initiation, a

different notch and crack initiation procedure will be used for



-10-

the other three alloys. Tests of 2014-T652 specimens have been

initiated to deLermine if it is feasible to change loads during

a test Lo obtain crack propagation retes at more then one stress

(G. 1, 1 a

7. o. 67A-777.)O

rs



VI. Thbles and Figures.

i
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•Tble VIII

TABLE VIII

RESULTS OF LONG-TRANSVERSE AXIUAL-STRESS FATIGUE TESTS
OF STRE SRELIEVED ALUMINU14 ALLOY HAND FORITMS (R-0.O)

(F33615-68-0-1385)

Alloy
and Sample

"•emper Size, in. Number Cycles to Failure

Wxiimum Stress, psi 60 000 40 000 35 000
2ol2-T652 2x8 341007 34 200 4 358 100 10 264 500*

4x8 341009 17 700 1 032 800 6 252 200

? 10 341012 1 900 23o 000 10 017 300*
341015 7 700 142 200 14 323 200*

Iog-Yean Fatigue Life 17 200 619 400

2024--T-52 2X8 341017 2 600 252 900 10 029 500*
4x8 341019 12 700 19 700 19 845 700*

o 341022 14 300 90 200 17 189 00*
341015 7 200 93 600 14 882 00*

Log-Msan Fatigue Life 13 700 140 200

Maximum Stress, psi 60 000 45 000 28 000

7075-TT352 2x8 341027 28 l00 4 084 800 14 882 600*
4x 8  341029 4 70 82 400 1 455 800

10 341032 9 ;00 51 100 105 8o0
341035

Log- Mean Fatigue Life

7079-T652 2x8 341037 22 200 109 Boo 720 500
4x8 341039 22 700 61 400 11 607 4o0*
510 341042 19 200 75 500 162 700

rx12 341045 11 400 0 200 146 400

Log-?*an Fatigue Life 18 100 66 900

• Specimen did not fail.
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S. No. 341 00O7-T4 Etch: Keller's ibg. lOOX

Fig. 5. Section Illustrating an Au~xiliary Crack in
Lr-Transverse Specimen from 2-in. Thick

2011-T652 Forging which Failed at a StressIEqual to 75% Y.S.

S-No 34007T4 Ech:Keler's Mg.50O

Fig.6. llusrats th Inergrnulr Chracer o th

Fig. eul 6. fu StraesstheCorrosionua Chrac ter f th

i"~.5 & 6
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S.No. 341oo8-Miu Etch: Keller's Nbg. lOOX

Fig. 7. Section Thx'ough Specimen from 3-in. Thick
21014-T652 Forging vhich ftiled at a Stress of
22.5 kai (3~Y.8.). The Intergranular
Character ofThi Auiliary Crack is Indicative
of Stress-Corrosion Cracking.

Fic~ 7



It

S.l. kO1-~ Etch: Keller s Mbg. b0OX
Fig. 8. Section Illustrating Fine Auxiliary Crack in

MScimen from 2-in. Thick 20214-7652 Forging
Wch Failed at a Streets Equa~l to 75% Y.S.
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